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studies are presented In the second section, In the third section, the
snalytic units—phases or periods and site types——are detined snd the general
parsmeters of site frequency in time and spece are estadlished. Chapters In
the fourth section describe the tounal, botanicel, lithic, projectile point,
and teature assemblages. The synthetic chepter which comprises the fifth
section integrates Intormation from the foregoing chapters.
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« proportions of sny period, Year-round base camps (housepit sites) and
. temporary stetions were locsted In the floodplisin zone, but few specialized
. camps., A varlety of upiand and fiocodpiain plant snd animsl tfoods were svored
at the central base, however, storage may have been less effective then in
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river, and some housepits evidentiy were used for only a |imited season rather
than as yesr-round bases. While some groups continued to use sites In Optimum
. locations as yesr-round base camps, other groups shitted petween summer and
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“ ot a shitt sround 300 BP. to surtace dwellings rather than plthouses.

T Whiie considerable continulty ot materisl culture can be tfraced directly Into
. the reservation period, & number of archssclogicsl patterns--sbandonment of

. stone projectiles, introduction of trade ornaments, a greater numper of

. burials, presence of horses, sné the shitt To surtece houses Indicate cultural
N changes sssociated with the advent of the historic period. The broad
chronologicel divisions used here do not permit close exemination of this
perlod of change.

BLOCK 7 (Continued)
4 N. Stenholm, and K. Whittlesey

o’ Ton
SECURITY CLASSIFICATION

HiS PAGE(When Dare Entered)




‘ Ay : R T AR 3 T O RN DAL
‘ } e N Yy 1o i p Y ﬁ"ﬁ‘ “wa’ £50 0 0¥ 3 .’ "%. .~A RN O X ) ,‘Q'!’.‘.’Q,!g, ',“,l‘.‘
TN OO RN LA A n,‘\“_. AL ‘!‘::\:::'5 “I .:;:"3:;;& q‘r:?: e 3 N ' h,‘,q ¢ e :,:: 3¢ !‘,.l’..,:'-,"..,"n ‘

SUMMARY OF RESULTS,
CHIEF JOSEPH DAM CULTURAL RESOURCES PROJECT, WASHINGTON

edlted by
Sarah K. Campbel |

with contributions by:
V. Cavazos, R, Dalan, P, Davis, D, Hibbert,
L.A, and L.L. Leeds, E. Leopold, S. Livingsiton, E. Lohse
C. Mlss, R, Nickmann, L. Salo, D. Sammons-Lohse,
N. Stenholm, and K. Whittlesey

Princlpal Investigators

R.C. Dunnel! 1978-1984
D.K. Grayson 1978-198!
M.E.W. Jaehnlg 1981-1984
J.¥, Jermann 1978-1981

Final report submitted to the U.S. Army Corps of Engineers,
Seattie District, in partial fulfiliment of the conditions
and specifications of Contract No. DACW67-78-C~0106.

The technical findings and conclusions In this report do
not necessarily refiect the views or concurrence of the
sponsoring agency.

Otfice of Public Archaeology
instltute tor Environmental Studies
Universlty of Washington

1985

LS
“~
.

e

R
v




g
Y
’ .‘
+ .' X
¥
i
" ABSTRACT
9\': v
'7$ This document summarizes results of the Chief Joseph Dam Cultural
Resources Project, a saivage program carried out by the Office of Public
; Archaeology, University of Washington under contract to the U.S. Army Corps of
. Engineers, Seattle District. Between July 1978 and August 1980, intensive
excavations were conducted at elghteen prehistoric habitation sites on the
) floodpialn and lower terraces of the Columbla Rlver on the 45-mile stretch of
i} river above Chief Joseph Dam. This reach of the river, the lower section of
j's: the Upper Columbia, |ies between the arid, basaltic Columbia Piateau and the
e forested, granitic Okanogan Highlands and Inciudes portions of the traditional
territories of two Native American groups, the Sanpol|-Nespelem and Southern
Okanogan. _
o This report summarizes findings at a project-wide scale. General -
“at descriptive information about the regional assemblage Is presented, and N
2& arguments are developed supporting inferences about the organization of local ;{
e subsistence and settlement systems and changes In them through Time.ngng\*g\ G
$\: concept of the continuum between collecting and foraging economic systems N
used as the major interpretive framework. The first section, comprising a Py
model of prehjstoric resource productjvity and activity chain descriptions, 2
"N introduces the study of the evolution of hunter-gatherer adaptation and
e describes many of the cultural and environmental parameters to be conslidered
e, in interpreting the project area prehlstory., Results of palecenvironmental
' studies are presented in the second section. In the third section, the
o analytic units--phases or perliods and site types--are defined and the general
parameters of site frequency in time and space are established. Chapters in
2 the fourth section describe the faunal, botanical, Iithic, projectlle point,
N and feature assemblages., The synthetic chapter which comprises the fifth
ﬂj} section integrates information from the foregoing chapters.
:{ On the basis of the artifact, faunal, botanical, and feature data
. summarized In this report, three phases (approximately 2,000-year periods) can

- be contrasted. Changes In the organization of cultural activities in the
¥ floodplain zone are inferred; these are assumed to reflect the evolution of
- the entire subsistence and settlement systems of which they are a major part.
Projectile point styles suggest human use of the area may have begun as
early as 6500 B.P,, but the oldest radiocarbon date associated with cultural
material is 54014343, The earliest period, the Kartar Phase (7,000-4,000
B.P.), was characterized by the broadest resource base, incorporating a wide
variety of rodents, artiodactyls, reptiles, and fish in the most even
proportions of any period. Year-round base camps (housepit sites) and
temporary stations were located In the floodplain zone, but few speclalized
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IN camps. A varlety of upland and floodplain plant and animal foods were stored
$\: at the central base; however, storage may have been less effective than iIn
Py later perlods and rellance on winter hunting of artiodactyis greater. Site
v numbers, and thus possibly population densities, are lower than in later
. periods, perhaps because a large area was needed to supply winter game ang
:?: early spring foods. The faunal remains at the ftemporary stations suggest
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opportunistic foraging; they may represent food gathering in eariy spring when
food stores were depleted.

in the Hudnut Phase (4,000 to 2,000 B.P.), the economy became somewhat
more speclallzed, indicated by less even proportions of economic fauna,
Population levels evidently Increased and people were more widely distributed
over the landscape, using some marginal areas. The total number of sites in
the floodplain Increased and the number of houseplt and speclal camp sltes
increased in proportion to the number of stations, Housepit sites were
dispersed over a greater variety of locations, including the south side of the
river, and some houseplts evidently were used for only a limited season rather
than as year-round bases. While some groups continued to use sites In optimum
locations as year-round base camps, other groups shifted between summer and
winter base camps.

During the Coyote Creek Phase (2,000 to 50 BJF.) the economy became yet
more specialized, with a greater reliance on deer and fish. A greater degree
of loglstical organization Is indicated by increased proportions of
specialized camps. Although population |evels probably continued to rise,
house sites were restricted to the north bank of the river. The degree to
which base camps were single season or year-round s uncertain, partly because
of a shift around 300 BP. to surface dwellings rather than plthouses.

While considerable continuity of material culture can be traced directly into
the reservation period, a number of archaeological patterns--abandonment of
stone projectiles, introduction of trade ornaments, a greater number of
burials, presence of horses, and the shift to surface houses Indicate cultural
changes assoclated with the advent of the historic period. The broad
chronological divisions used here do not permit close examination of this
period of change.
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This report presents a general summary of findings of the Chief Joseph
Dam Cultural Resources Project, a saivage program carried out by the Office of
Public Archaeology, University of Washington under contract to the U.S. Army
Corps of Engineers, Seattle District., Other project reports provide detailed
information about the structure and contents of Individual sites; this report
concentrates on generallzations about the prehistory of the entire area. This
preface addresses the nature and scope of the volume as a whole; introductions
to each sectlon provide addltional prefatory remarks for individual chapters.

The contract required that the project select a number of sites belleved
to be representative of site variabllity~-temporal, geographic, and
functional--and that we use these as a basis for provlding a chronoclogical
tramework for the region and summarizing the types of cultural adaptations at
different times. The summary and Interpretation of the prehistory of the
Chief Joseph project area presented In this report fulfills this need. It Is,
however, |imited In scope because the contract provided for only a |imited
amount of synthesis after completion of the individuai site reports. This is
not a systematic or exhaustive summary, even of the data categorlies presented
In the iIndividual site reports. Although various chapters address most of the
data categories found in the indlvidual site reports, e.g. botanical remains,
faunal remains, |ithic tools, features, etc., It has not been possible to
encompass all of the avaiiable Information. Therefore we concentrated on
selected aspects of the data which seemed particularly frultful and
Iinteresting for a pioneering summary,

The papers comprising this volume were written, not as a concerted
effort, but by Individual authors at different times. Some chapters provide
background Information on non-cultural aspects of the environment, some
concentrate on cultural contents In a primarily descriptive manner, while
several address a common theme--understanding the evolution of the hunting-
gathering adaptation In the area. This rather broad goal could be sald to
apply to much of Plateau archaeology without necessarily Implying any unity of
approach. In this report, Integration Is provided by the large-scale units
used--the site types, the three perlods/phases, and by reference to the
concept of the continuum from collecting to foraging systems. However, the
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‘:{ authors view different aspects of the archaeological record and do not

:} necessarlly reach the same conclusions,

" We are pleased to present one of the first reglional summaries based on
H systematic quantitative comparisons of multiple sites. Some of the

- general izations we make about changes through time are not new; the same
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patterns have been percelved by other researchers who have defined phases and
described their characteristics. For example, researchers In other reaches of
the Columbia River have noted an Increase In the number of sites after 4000
B.P. and an expansion of sites Into marginal areas as we have. And,
researchers throughout the Plateau have noted the same changes In materijal
frequency--a decrease In the use of basalt and an Increase In the use of
cryptocrystalline siliceous materials through time. Our contribution Is to
emphasize quantitative summaries of large-scale archaeological units-~-periods
and site types~-which empirically support these observatlions.

The methodological issues and blases involved in generalizing from this
data base are emphasized throughout. The project data demonstrates the
complex variability of the archaeological record in the floodplain zone,
Continuous changes in the organization of activities In the floodplain zone
are Indicated by the changing relative frequency of different types of sites.
The contents of a particular site type in one phase may be more similar to the
contents of that site type Iin another phase than to other site types in the
same phase. Such observations highiight the importance In Plateau studies of
establishing comparable and appropriate analytic units for purposes of drawing
inferences about time periods and settlement patterns.

The single chapter in Section | Is a paper on modelling taken from an
ear ly draft research design which was never published. Although outdated in
some ways, this modelling attempt sets the stage for the remainder of the
report, with a discussion of the study of hunter-gatherer subsistence systems
on the Plateau, and delineation of environmental variables which may have
Influenced cultural development.

Papers dealing with palecenvironmental data are in Section |} and
Appendices B and C, although Chapters 12 and 13 on faunal and botanical
remains In Section |V apply as well to paleoenvironmental reconstruction.
These papers provide background Information pertinent to Interpreting cultural
adaptations in the area.

The Section |I| papers address the distribution of archaeological
materials (sites, components, categorles of refuse) In time and space. The
large~scale analytic units (phases/periods, site types) with which we
construct our generallzations about the prehistory of the area are Introduced
in Chapter 6.

Papers on specific categories of site contents are included In Section |V,
Separate chapters deal with lithics, projectile points, faunal remains,
botanical remains, and features.

Section V contains a single chapter synthesizing data from the preceding
chapters. Emphasis is on a broad picture--a summary of the various
general izations which can be made about areal prehistory, our confidence in
the generalizations, and important Issues which have not been addressed.

We hope this summary of our findings will sufficientiy intrigue some
readers to read the Indlvidual site reports, and to utilize the data base
collected by the project to challenge and bulid on our concluslons,
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SECTION 1: MODELLING PREHISTORIC
SUBS ISTENCE STRATEGIES AND ACTIVITIES

The first chapter In this volume presents an approach to modelling
prehistoric cultural subsistence systems in the project area. It is a
combination of two chapters of the draft research design (Jermann et al.
1980). The Introduction of the current chapter Is taken from the chapter
wResearch Contexts® written by Leon Leeds. The remainder of the chapter
originally appeared as "Model Building", written by project staff members Leon
Leeds, Linda Leeds, and Karen Whittlesey. Two complementary kinds of models
are considered. The first Is an economic model, in which environmental data
Is used to produce a qualitative description of the relative abundance of
resources In time and space. The reason for performing this modelling Is
because ethnographies: a) conflict; b) have iimited temporal applicability;
c) are not very specific; and d) do not cover many Important polnts. In the
second, activity chain descriptions of subsistence activities are developed
from ethnographic and other data., Although the activity chain analyses
included here emphasize outputs In bounded area (hearths, dwelling, and
villages) the potential Importance of this approach |les more In providing
expectations for unbounded units (e.g., skin-dressing and butchering).

This approach to explaining archaeological data reflects general
archaeological research Interests at the time [t was conceived; a number of
systemic models were developed In the late 1970's. However, the modeling
approach was not pursued beyond this point, and project research activities
began to head In other directions, partly because of the practical constraints
of the contract requirements, and partly because of weaknesses In the
model | Ing approach itself, Many of the assumptions made In the economic model
are invalld or overly simplistic. For example, recent wildlife studlies have
shown that previous studles underestimated the abundance of deer, so the de-
emphasis of artiodactyl resources Is probably overdone. The consideration of
the possibility of environmental change is weak. Secondary paleoenvironmental
data Is reiied on and no good argument is given for the assumption of lack of
environmental change, Although the authors argué that they would not
extrapolate resource quantities derived from modern studles Into the past,
they do extrapoiate the temporal/spatial structure of resource availabllity
Into the past, without a serious discussion of the kinds of quantitative
changes which might amount to qualitative changes in structure. Further, our
work has resulted In observations about important aspects of locai prehistoric
cultures not even addressed In these models.
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The chapter has not been updated In view of later findings, but Is left
essentially as it was presented in 1980, with editorial but only a few minor
substantive changes. Because the theoretical approach described here dictated
many of the project's data collection goals, this document provides an
Important context for understanding project results.
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1. MODEL BUILDING AS AN APFROACH TO EXPLAINING
EVOLUTION OF HUNTER-GATHERER ADAPTATIONS ON THE COLUMBIA PLATEAU

by Leon L. Leeds, Linda A. Leeds, and Karen A, Whittlesey

While the “Paleo-Indian" ana “Archalic" periods always have been of
interest to some New World prehistorians, and some thought was early directed
towards classlifying subsistence-settlement networks from Archaic site
distributions (e.g., Winters 1969), the study of hunter-gatherer systems has
only recently become a3 major focus of the field. Toward the end of the 1960's
the changing climate of publlic and sclentific opinlon about the nature of
ecological systems and Industrial culture, coupled with ploneering studies of
hunter-gatherer subsistence Input-output and demographics (Lee and DeVore
1968; Lee 1969), effected a revolution in attitude toward the adaptive
strategies of hunting-gathering systems (Sahlins 1972: Chapter 1). Since the
advent of ecological concepts In anthropology and archaeology (e.g. Rappaport
1969; Trigger 1971; Hardesty 1977), archaeologlsts have begun a systematic and
scientiflc study of hunter-gatherer subsistence, settlement, and dynamics
(e.g., Thomas 1972, 1973; Casteel 1972; Yellen and Harpending 1972; Hayden
1972; Wobst 1974; Jochim 1976; Yellen 1977a, 1977b; Binford 1978a, 1978b,
1980; Rick 1980; Lynch 1980).

Hunter-gatherer systems In genera| can be classified atong the dimension
of seasonal movement (wandering, central-based, sedentary) and degree of
resource speclialization (intensive, extensive), Wandering groups follow
avallable resources, while sedentary groups find most resources within easy
round trip distance of a central location. Central-based groups explolt
resources over a broader area than sedentary groups, but unilke wanderers they
return frequently to a resource-rich cenfral area and spend an appreciably
greater amount of time there than In other procurement locations. Both
wandering and sedentary groups may elther focus Intensively on a single kind
of resource--such as sea mammals, large herd animal, anadromous fish, or a
major vegetable product; or they may focus extensively on a number of kinds of
resources--such as roots, seeds, fruits, small and large game, fish, and
shellfish--balancing these in various proportions,

Intensive wandering systems based on scavenging or hunting of herd
animals are often referred to as serial foraging systems, while extensive
wandering systems, usually biased toward plant foods with tesser elements of
small or large game, are referred to as general foraging systems, Central-
based settiement networks are most often coupled wlith extensive subsistence
systems and generally are found in habitats with great temporal and spatial
disparity In food type and avaliabi{lity during the year, the central base
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proyiding shelter and protected faclilities for food storage during winter or
other seasons of low productivity., Binford (1980) introduced the tferm
logistical to refer to central-based and sedentary hunter-gatherers who move
resources to a central locallty, In contrast to wandering groups, or foragers,
who move the entire community frequently to locations of previousiy
unexpliol ted resources.

THE STUDY OF HUNTER-GATHERER SYSTEMS ON THE COLUMBIA PLATEAU

The prehistory of the Columbia Plateau is the prehistory of hunting-
gathering systems. Information from studies concerned primarily with local or
reglonal chronology (Daugherty 1956; Cressman et al. 1960; Swanson 1962;
Sanger 1969; Nelson 1969; Grabert 1968, 1974; Leonhardy and Rice 1970; Irwin
and Moody 1977; Chance and Chance 1977) Implies & continuous record of hunter-
gatherer settlement from sbout 12,000 B.P. to the period of European
settiement. Few of these studies, however, have been designed specifically to
Investigate subslstence-settiement systems. Hunter-gatherer communities
exploit a varlety of habltats in the course of a single year. Although
Plateau habltats vary greatly with elevation and physiographic feature, from
floodplain to plateau and/or forested highland, most archseologlical work has
been focused on single sites or on a haphazard "sample" of sites In
floodplains of the Columbia River system. Consequently, reported site
assemblages are unllkely to accurately reflect the full range of varijation
within cultural systems.

Nevertheless some indications of system variation do exist. While local
chronologlies exhibit relatively similar sequences of chronological changes
-~ with respect to projectile points styles, Intraregional veriabllity in lithic
’f., assemblages appears to correspond to regional and local environmental
N differences (Browman and Munsell 1969; Grabert 1974; Chance and Chance 1977).
in addition, at least three studies demonstrate functional variation of
activity locl In extrariverine environments (Dancey 1973; Smith 1977;
Uebe|acker 1978).

Three reglonal syntheses describing a historic sequence of culture change
have established the general framework of Plateau prehistory up to this polnt
{Daugherty 1962; Neison 1969; Browman and Munsell 1969). Whlle these differ
somewhat in chronology, transition period, Interpretation of subsistence
" focus, and culture~forming process, all focus on four of the six possible
X types of hunter-gatherer systems and provide a more or less consistent
R evolutionary sequence from a wandering/intensive (large game or fish) to a
wandering/extensive (smali game, roots, seeds, fresh-water mussels) to a
central-based extensive (fish, game, plant foods) to a central-based intensive
system (anadromous flsh, some game, and plant foods) (Figure 1).

, Sites of the earllest, or "Windust", phase (ca. 11,000-8,000 B.P.) occur
. in the Columbla, Snake, and Palouse River floodplains or In scabland coulees
(t.e. In riverine or |acustrine environments), In rockshelters, or less
tfrequently, on low river terraces. As Inferred from recovered tool and faunal
assemblages, the occupations represent small groups--possibly two to three
extended faml|ies--engaged In butchering, secondary food preparation, hlde-

psy
TR Il azal uey,

-
’

-y
v

K. X AT S .
i} NN

e~

2

e IIYY )
) ‘-("’“4‘:’

2

F
Rod o X
"1‘:.' ('1

.




o+

e

e

ALY

..~|
FRF Y

’
i S e
i s
"
h‘,"l‘l

AN D T R N W I I Y N T W Y T oI

working, and tool manufacture (Rice 1972). The faunal assemblages include
mainly specles of artiodactyls--deer (Odocolieus spp.), elk (Cervus

elaphus), antelope (Antilocapra americana), some bison (Bison bison),
occaslonal saimonid vertebrae, and some freshwater mussel shell
(Margaritiferidae). The preponderance of food remains varies from site to
site; fish remains are most abundant at The Dalles, bison remains at Lind
Coulee, and other artlodactyls at the Windust and Marmes Rockshelters (Nelson
1969:104; Rice 1972). WIith respect to subsistence, Interpretations of these
remains may vary. While a "blg game” focus would strongly suggest a
wandering/intensive, or serlal foraging, system, a primary focus on fish by
small, seasonally coherent groups would suggest at |east the possibility of a
dispersed sedenfary/ln'renslve system, one not contempliated by the above-
mentioned sources.

Seasonal Subsistence Focus
Movement Intensive Extensive
(ca. 350 - 150 BP)|(ca. 2000 - 350 8P)
Central- L.CAYUSE 4 E-M. CAYUSE
Based fishing, hunting | fishing,hunting,
gathering 1at!¥ing
(ca. 11000 - 8000BP] (ca. 8000 - 2000 BP)
v -
Wandering WINDUST QUILCA):;:JCE;EBAR
"'Big Game'' huntin hunting,
or fishing gathering

Figure 1-1, Temporal sequence of hunter-gatherer
system changes on the Plateau suggested by
regional syntheses (Daugherty 1962; Nelson 1969;
Browman and Munsell 1969).

Most sources describe the phase from about 8000 to 2000 B.P. (Yantage-
Quilomene Bar) as characterized by wandering/extensive, or general foraging,
systems. They explain the Inferred shift to small game, roots, and seeds as a
response to the warmer, drier conditions of the Altithermal and to contact
with peoples migrating from the Great Basin (Nelson 1969:105). .

While no research yet undertaken on the Plateau has sampled or analyzed
both cultural and environmental resources at a scale appropriate for
characterizing subslstence-settiement systems, there are theoretlical reasons,
at least, for doubting that the ploneering occupations on the Piateau
represent elther serial or general foraging. As Binford has recently pointed

out, environments supporting wandering/extensive systems occur in equator|al
and semltropical climatic zones (Binford 1980:14), where critical resources
tend to be continuously available and evenly distributed; the proportion of
such ethnographlic systems observed outside those environments is very low.

Al though climatic fluctuations during the Holocene are apparent in the Plateau
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region, pollen anc other paleecological analyses suggest no fundamental
redistributions of faunal and floral species. Plateau conditions have
probably been warm-to~cool temperate with considerable seasonal variability In
temperature and moisture throughout the Holocene. uUnder such a ciimatic
regime, critical resources are perlodically absent and geographically
dispersed. Serlal foraging based on the systematic exploitation of herd
animais seems equally unlikely. While this strategy can be effective in
temperate grassland environments, the Plateau probably never supported such
large ungulate populations as those on the Great Plains. The growth and
recovery characterjstics of bunchgrass in the Columbia Plateau region suggest
a marked absence of grazing stress throughout the Holocene up to European
occupation (Daubenmire 1970:7). Bison, which occurred in large herds on the
Great Plalns, are rare in Plateau sites; no systematic klll sites or
butchering locallties analogous to those in the Great Plains are known. The
ungulates more commonly represented in sites, elk, deer and antelope do not
commonly occur in large herds, although elk and deer become more social in the
winter,

Because resources In the Plateau region (water, winter shelter, fuel, wood
products, roots, green, fruits and seeds, fish and/or meat) are not avallable
at all times and locations, a logistical strategy (Binford 1980) would be
required to adapt either an Intensive or an extensive hunter-gatherer economy
to Plateau conditions. Such a model could explain rockshelter and open camp
occupations in the floodplain as winter settlements or base camps for the
exploitation of riverine resources and would predict (1) division of the
community for simul taneous exploitation of geographically Incongruent
resources, (2) techniques of food preservation and provisions for storage, (3)
a variety of kill and butchering loci, and (4) temporary residential camps to
facllitate collection and processing of vegetable foods and forest resources.
The lack of fish or vegetable food remains at many of the rockshelters does
not necessarily contradict interpretation of them as base camps. I|f these
foods were prepared at or near where they were obtained, few remains would be
left when they were consumed at residential base camps. Only the bones of
animal species hunted and returned to the winter settjement for Immediate
consumption are |likely to be well represented at residential sites.

Most authors, however, suggest the shift from foraging systems to a
central-based (winter village) system took place around 2000 (1#500) B.P. The
perlod trom 2000 B.P, to the present Is regarded as the time when riverine
adaptations similar to those documented in the ethnographic record were
established. The period Is characterized by the winter village, the origin ot
semisubterranean dwellings, and the first serious rel|liance on fish (Nelson
1973). The change to the winter village system has been variousty explalned
as a cultural response to climatic change (Daugherty 1962), environmental
catastrophe (Sanger 1967), Independent inventlon (Swanson 1962), migration
(Nelson 1969), or a combination of migration and diffusion (Warren 1968;
Nelson 1973; Smith 1977).

Of particular concern to the field In recent years has been the study of
demography ot hunter-gatherer populations in relation to varying environmental
conditions and exploitation strategies. Information potentially of value for
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demographic studles Includes the slize of settlements and the kind, size,
and arrangement of individual dwellings. Surveys of settlement and community
pattern information both on a broad, reglional scale (e.g. Warren 1960) and for
particular locales (Swanson 1958; Grabert 1971; Stryd 1971) have documented
considerable variation in settlement/house size and arrangement through both
time and space on the Columbia Plateau. For example, Grabert (1971) has
hypothesized a temporal shift in community settlement organization and pattern
for the Okanogan River Valley. Three general changes are observed: (1)
settiement increase In number through time; (2) the number of dwellings per
settlement Increases through time, except In the north (British Columbia),
where single-dwelling settiements are most common late in the cultural
sequence; and (3) the size and depth of Individual dwellings decrease through
time. Grabert suggests that these apparent changes can be attributed to
Increases In population size and a shift from multifamily to nuclear family
residence. The Introduction of the horse |ate In the eighteenth century also
is thought to be a factor.

in his Investigation of British Columbia data, Stryd (1971) notes that
large pit houses seldom occur by themselves and that there Is a patterned
arrangement of large and small houseplits In sites where both occur, He
proposes three hypotheses to account for the observed varfability: (1)
differences in housepit size may reflect different functions (e.g.,
reslidences, ceremonlal structure, workshops, sweat lodges, etc.); (2)
differences In housepit size may be a function of variation in soclial rank
among residential units; and (3) variable housepit s{zes may be due to
differences in family stabillity, more stable familles residing in larger
structures. Although some data have been presented to document the
variabli|lty (Stryd and Hilis 1972), none of the proposed explanations have
been tested, While these studies imply the feasibility of population dynamic
studlies, they also suggest the possibli|ity of a sedentary (dispersed or
nuciear) settiement coupled with nonagricultural subsistence. The probable
reason a sedentary system has never been seriously contemplated for the
Plateau region is that although such systems are ethnographically documented
for such areas as the Paclfic Northwest and Callfornia coasts, the
ethnographic |iterature for the Plateau region (principally Ray 1932 and Spler
1938) documents only central-based, extensive or Intensive subsistence
systems, As will be discussed later, however, there is good reason not to
dismiss such possibllities out of hand,

MODEL BUILDING

We suggest model builiding as an approach to the sfudy of prehistoric
systems In the Plateau region., Models are analogues of cultural systems
designed to Imply (predict) archaeoiogically observable consequences at some
scale (e.g., frequency of functional artifact classes In different areas of a
settlement; frequency of classes, occupations, or sites per ecozone;
population density per spatial unit and temporal unit; etc.). Testing
invojves matching expectations derlved from the mode! wih data derived from
sampl ing.



- In the few areas blessed with detalled ethnographlc records, one can
tormulate a model applicable to archaeological information and derlive test
consequences to compare with a subsequent sample of archaeological material
from the region covered by the ethnography. For example, starting with
Stewards's (1938) ethnography of Shoshonean subslistence and settlement
patterns, Thomas (1972, 1973) constructed a computer simulation model of
subslistence activities and seasonal schedullng to predict proportions of tool
typas and their spatlal patterning across four ecozones in a section of the

. Reese River Valley, Nevada. While a number of important assumptions not

easily accessible in the ethnographic |iterature appear to be embedded in
Thomas' program, the general approach from direct ethnography to prehistoric
seftiement organization is valid. An alternative to simulation modelling Is
activity pathway and chaln analysis (House 1975; Schiffer 1975b, 1976) which
lead from experimental or ethnographic data to suggested assemblages and
spatial arrangements that might be assoclated with different kinds of sites or
activitles.

From more distant analogues and from economic and ecological theory, one
can mode| general settlement pattern and demography. Working from economic
principles and assumptions of hunter-gatherer economic goals and resource
management procedures, Jochim (1976) derived a series of functions to predict
activity schedulling, activity location, and demography and tested these using
data on distribution ot Mesolithic sites In southwestern Germany,

STRATEGY

We have used both of the model Ing processes discussed above, economic
model ing from environmental Information and chaln modeling from direct
ethnography. The two are both supplementary and complementary at varlious
points. Together they potentlially offer a relatively detalled description of
hunter-gatherer subsistence and settlement, given the current state of
economic, environmental, and archaeological theory. Where economic modeling
predicts broad patterns of settiement location and iand use, chain analysis
from ethnography suggests the outputs and output clusters that might be
assoclated with different systems.

Information about resource availabllity and spatial/temporal
distribution, at least qualltatively, Is necessary to supplement modeling from
ethnographic sources. Some sampling and analysis of environmenta| data are
necessary to speclfy the geographic locations of resources. While economic
model Iing holds some promise for predicting overall settlement distribution and
demographics and for explaining system change, one must have a system
doscription to start with. Jochim (1976), for Instance, assumes he Is dealing
with a foraging system, although this Is never explicitly stated among his
premises, Modeling from ethnography provides a basis for selecting from a
wide variety of potential resources those actually involved in determining use
schedul ing, activity area location, and demographics. Moreover, economic
model Ing has {i1ttle power, In most Instances, to predict actual artifact
distributions, Its weakness |les in the articulation of expectations with
observed archaeological data. Chaln analysis from detailed ethnographic
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sources describes expected output materjals and features at a varlety of
spatial scales from element through cluster, occupation, habitat, and zone.
Consequently, It is ldeal for directing artifact analysis and spatial
anaiysis. Nevertheless, Inference from ethnographic analogy Is only
applicable to a |imited range of the prehistoric record. Economic analysls,
for as far back as the environmental analogy holds, can account for a variety
of possible systems states, suggesting reasonable ways to alter the
ethnographic model to predict other kinds of systems once the archaeological
data suggest that such a change would be warranted.

Working from ethnographic data to prehistoric contexts assumes a degree
of homeostasis and provides an organlzational (or sfructural) description of
prehistoric systems only for some specific period of Time. Where
expectations do not well match observed archaeological data, changes in the
model would presumably allow description of a sequence of system states. The
starting model Is expected to hold for the most recent prehistoric periods,
while considerable adjustments are anticipated to cover data patterns from
earl|ler perliods of occupation.

ASSUMPTIONS

Both models are developed within a systemic approach. Human cultures are
not composed, of course, of system components, subsystems, or varlatles; such
concepts are imposed on the cultural “reallty" by the researcher. Glven a
systemic context of research, the number of components describing the system
is potentially Infinite, and all |inkages are recursive to some degree., The
cholce of components, variables, and their relationships Is determined by
research goals and approach.

Many archaeologlcal studlies of subsistence economy rely upon a
deterministic retationship between environmental and cultural components. The
“driver® In Thomas' (1972, 1973) system, for instance, is a combination of the
cycllc productivity of the plnon nut, Indian rice grass, and antelope, while
in Zubrow's (1975) system it is zonal population and agricultural productive
capaclity. Jochim assumes resource use scheduling to be the primary
determinant of zlte placement and demographic arrangement (1976:13) and at a
later point In his analysls considers carrying capacity to be a determinant of
demographics (1976:71). All of these researchers assume the “environment" [s
in some way culturally determined, but that assumption is more or less
Iimplicitly embedded in their analysis. Jochim assumes, for instance, a
foraging, (or wandering, extensive) system with a certain resource base.
Centrai-based, sedentary hunter-gatherer systems, agricultural systems, and
industrial systems might use the same |ocal environment quite differently.

We assume that the set of cultural activitlies, thelr relations to the
environment, and the resource base thus determined form a buffer between
environmental variabillty and variability in the cuitural systemic context
(Figure 2). Scheduling, location, and structure of activities, and in turn,
demography, are primarily determined by the resource base, although some
Important recursions must be considered, and activity location and structure
are also demonstrably related to variables of the physical environment.
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ENVIRONMENT AND ECONOMIC MODEL ING 3
We assume that varlables critical to the cultural system are - 'ﬂ
physiography, vegetation, climate, and the effect of ciimate and vegetation b
cycles on wildlife populations and distribution. Some economic models "
Incorporate quantification of such environmental attributes as specles (or 3;{

material type), geographic distribution, welght (live, dressed, dry), density
(per zone, habltat, and season), aggregate size (number In group or
community), and yleld (usable or edible material, nutritional profile, etc.).
There Is Insufficient local environmental Iinformation to quantify these
attributes in the study area, nor Is [t theoretically defensible to
extrapolate from modern data Into the past. Our emphasis here is on
environmental quailties that would affect the relative abundance of resources
in time and space, not absolute quantities.

The study area proposed here Inciudes twenty townships !n Okanogan and
Douglas Counties, and two haif-townships in Ferry County, Washington (Figure

1-3) and Is centered on a long northward bend of the Columbia River between S

Chief Joseph and Grand Coulee Dams. Most environmental studies, Including -

archaeologlical work performed by the Office of Public Archaeclogy, concentrate =
on the floodplain and nearby features of the valley escarpment (USACE 1975; .};f
Payne et al. 1976; Flelder 1977; Erickson 1980; West 1980; Hibbert, this :{i{
volume). More general sources cover the Columbia Plateau and Okanogan Se
Highland regions to the north and south (Rodgers 1942; iilitchcock 1955-1969; ;Sji
Daubenmire and Daubenmire 1968; Daubenmire 1970; Franklin and Dyrness 1973). Iy

PHYSIOGRAPHY, LITHOLOGY, AND HYDROLOGY

The Columbla River Canyon separates the study area Into two broad
provinces. To the south (left side) Is the basaltic Columbia Plateau. To the
north lie the Okanogan Highlands, primarily composed of acid plutonic basement
rock, although a lobe of the basaltic Plateau projects well north of the river
between the Omak Trench and the Okanogan River. On the basis of physlographic
features, basement rock, soll development, hydrology, and bibmes, the area may
be separated into three broad divisions, with major subdivisions, resulting In
seven distinct blophyslographic zones (Figures 1-4 and 1-5). Zone IIIL
(L=Left bank) encompasses a flat basaltic plateau consisting of poorly
developed lithic solls, shallow scabland coulees, low mesas, and numerous
pothole lakes, many of which are seasonally dry and some of which are saline.
Zones |IIR (R=Right bank) and IV conslist of dissected tabieland with an
average elevatlions between 600 m (2,000 feet) and 900 m (3,000 feet) m.s.l.
and higher, rounded massifs above 900 m. Zones |IL and |IR consist of the
higher glacio-lacustrine terraces, alluvlial fans, canyons, and rlidge systems
which form the escarpment of the Columbia canyon. Compared to the right

(north) side, the left (south) side ls steeper and less deepiy dlssected, has :fqi
fewer perennlal aquifers and fewer remnant terraces, and throughout the study §¢¢
area Is generally more shadowed from direct suniight. Zone I, the river JL*
Itself and Its floodplain, conslsts of the lowest glacio-lacustrine terraces, AN

current and rellct beaches, draws and canyon mouths, alluvial fans, and river- -.ﬁt
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cut bluffs. Llke Zone IIL, the terrestrial part of Zone | on the south bank,
Zone IL, Is distinguished from Its counterpart on the north bank, Zone IR, by
steeper slopes, lower amounts of Indicldent sunlight, fewer relict terraces,

rockler soils, and steeper bluffs.

Whiie occaslional cryptocrystailine materials are found In Zone | along
river beaches, beach |ithics are primarily composed of transported basaltic,
granitic, and quartzitic cobbles and gravels. While no systematic sampling
has been performed, very fine-grained basalts are primarlly observed in Zone
I1{L, on the Columbla Plateau. Cryptocrystalline deposits are most likely to
be accessible In Zones |IL and |IR below the Omak Trench, and Zone IIL (Salo,
Appendix F; Key and Cavazos, Appendix G).

Orainage Into the Columbla River is primarily from the north; the most
prominent dralnage courses are creeks In the vicinity of Belvedere, the
Nespelem and Little Nespelem Rivers, Coyote Creek, Hopklins Canyon, the Omak
Trench, and Tumwater Basin. While the first three have annual surface flows,
the remalinder are Intermittent, Sanderson Creek and Strahl Canyon provide the
major dralnage from the Waterville Plateau to the south (Flgure 1-3). While
there are a few artesian aquifers, the aquifers in general consists of
seasonally and annually varlable groundwater deposits In draws and at the
bases of Talus slopes.

it Is important to note that while there has been much fluvial cutting and
redeposition of the lower river-margin terraces and some modiflication of '
alluvial fans and entrenchment of draws. The bulk of evidence to date
suggests that the physlography of the reglon has remained essentlally
unchanged since shortly after the close of the Pleistocene (Hibbert, this
volume; Crozler 1980 and personal communication). We assume that physical
variables (other than climatic changes) affecting the structure and
distribution of piant, animal, and cultural communities may be taken as a
constant throughout the perlod of prehistoric occupation.

YEGETATION

Three major terrestrlal blomes occur in the study area: a shrub-steppe,
corresponding to Zones |, IIR, IIL, and Il1IL, a ponderosa pine forest,
corresponding to Zone IR, and mixed Douglas fir and grand flr forest,
corresponding to Zone |V (Daubenmire and Daubenmire 1968; Daubenmire 1970;
Franklin and Dyrness 1973). Whlle Daubenmire (1970) distinguishes the steppe
proper from the molster steppe-meadow on the basis of environmental
reconstruction, the steppe vegetation of the study area Is characterized by
blg sage brush (Artemisia iridentata) dominant over the Introduced cheat grass
(Bromus tectorum), with only occasional communities of the original bunchgrass
specles surviving over-grazing In the late nlneteenth and eariy twentieth
centuries. In general, the steppe before A.D. 1800 would have been
characterized by varlous proportions of blg sagebrush and smaii, or "three-
finger," (A, irlipartita) over a variety of bunchgrasses (Agropyron, Festuca,
Poa, etc.).

It Is important here to emphaslize three aspects of this general pattern.
First, the three vegetation zones are not neatly or definitively structured by




elevation, in addition to norm&l Interfingering and serles reversals on
north-facing siopes, the shrub-steppe and the understory of the ponderosa pine
In Zones 11 and I1IR are characterized by a compiex mosalc of alternating
dominants--Iincluding blg-sagebrush, small sagebrush, bitterbrush (Purshia
Iridentata), and, in recently disturbed sreas, rabbltbrush (Chrysothamnus
pauseosys)--or by grasses alone. In addition to bitterbrush or grass, the
Symphor icarpos unlon (Symphoricarpos albus, Rosa woodsi], R. nutkana and
Spliraea betulifolia) (Daubenmire and Daubenmire 1968) forms the dominant
undergrowth in more mesic areas higher In Zone I1IR. Second, the pine and
Douglas fir forests covering parts of Zone ||IR and Zone IV extend west only
to the Omak Trench, beyond which Is the basaltic Omak Plateau, covered by the
shrub-steppe mosalcs characteristic of Zones || and |IIL. Third, the shrub-
steppe habitat in Zones | and || is punctuated by a variety of small habltat
types assoclated with draws, canyons, rocky slopes, talus slopes, and standing
water,

A baseline study of the terrestrlal part of Zone | distinguished 14
habitat types, flve of which are distinct Island communities (Erickson et al.
1977). The structure and distribution of these communities Is expressed in
Tables 1-1 and 1-2. While a few sample transects were performed during this
study, the extent was calculated from alr photos and the tabulation somewhat
underestimates the extent of the macrophyllous vine and shrub and the
broadieaf tree over shrub habitats, which are frequently distributed only as
thin Ilnes along talus slopes and at the bases of outcrops. While the acreage
of all but the shrub-steppe habitat is small, some of the smaller, lusher
habitats support disproportionately large wildlife communities, and nearly all
of The dominant specles of the smaller habitats are Important nutritional
and/or technological elements In the ethnographically recorded resource base.
The habitats dominated by coniferous trees are outliers of the forest zones to
the north, and the broadleaf trees and shrubs form larger mosaics at higher
altitudes in Zone IR, {1IR and |V. While the character of Zone !IL Is much
like that of Zone |, the basaltic Iithosols of the steep slopes support
considerably less sagebrush, and disproportionately large communities of such
root crops as balsamroot (Balsamorhiza saggltata), bitter-root (Lewisia
rediviva), and fomatiums (Lomatium spp.). While no formal basellne studies
have been performed, during a reconnaissance in the spring of 1980 Dr.
Stenholm counted over 400 false onion (Brodiaea douglasii), 40 wild carrot
(Lomatium macrocarpum), and 240 chocolate tips (Lomatium dissectum) In a
community covering 0.2 hectares In Zone |IL,

The seven physiographic zones, with their characteristic landforms,
soils, hydrology, and solar orlentation, when intersected by the ten
vegetation habitat types, form a complex structure. It is by reference to
this structure that the relativeliy more mobile faunal communities may be
located, and It is against the combined pattern that a hunting-gathering
system of any type Is structured. Time is a third dimension In the system--
short, medlum, and long frequency cycles of temperature and effective molsture
affect the structure of the vegetation communities and, either directly or
Indirectly, the faunal communities,
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Table 1-1. Dliversity of habitat types In Zone | of the study
reglon (from Erickson et al, 1977: Tabie 7:2).

Number of Species Percent
Habitat Type Symbol annual Total
Trees Shrubs Herbs herbs species

Shrub-steppe (ss) 0 13 44 16 57
Rock (RX) 0 9 23 17 32
Rockland (RL) 0 13 27 26 40
Coniferous tree

over shrub layer {cs) { 7 5 20 13
Coniferous forest (CF) 2 th 68 2) 84
tiacrophyllous vine

and shrub layer {MV) 0 14 26 15 [}
Broadleaf trees

over shrub layer (8%) S 16 40 30 61
Riparian (RP) 1 6 29 24 36
Mixed coniferous and

broadlieaf tree

over shrub layer (cs8) 5 14 34 20 53
Buckley Bar (88) 2 9 35 26 46
Short Island (15) 1 4 18 17 23
Goose Island (1) 0 4 17 35 21
Park Island (1s) 0 8 19 26 27
Lone Pine Island (1) 1 5 16 25 22

CLIMATE AND ENVIRONMENTAL CYCLES

The climate of the area is semi-arld, characterized by hot, dry summers
and cold, somewhat moister winters. Complete weather data are not recorded at
Grand Coulee Dam, Chlef Joseph Dam, Nespelem, Disautei, or Republic, and
documentary sources vary on reported average temperatures and precipitation
tor the reglon. Erickson et al. report summer mid-day temperatures averaging
from 83°F (28°C) to 94°F (34°C), winter temperatures from 40°F to (4.4C) to
47°F (8.3°C), and annual preciplitation averaging 9.6 Inches (24.4 cm)

(1977:9). Mean annual precipitation recorded at Nespelem, according to Bureau
of Indlan Affairs (BIA) records and National Oceanographic and Atmospheric
Administration (NOAA) summary reports, Is 13.7 inches (34.8 cm). We presume
that precipitation increases three inches (7.5 cm) or so for every 2,000 feet
(600 m) or elevation from Zone | through Zone 1V, and that winter temperatures
decrease wlth elevation, The general climatic profiie of the area compared to
the humid temperate profile of Europe and the northeastern United States, Is
presented In Figure 1-6. Indlices of evaporation, relative humidity, and
effective temperature are not avallable at this time.
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Figure 1-6. Temperature-moisture climatograph compiled
from mean monthly temperatures at Grand Coulee Dam and
mean monthly precipltation at Nespelem. European optimum
profile from Odum (1971).

Short-term Cycles

Three kinds of ciImatic cycles are important In the study of hunter-
gatherer systems. Annual cycles presumably have the greatest effect on
demography and schedul ing and location of subsistence activities. Mean
monthly temperatures and precipitation are shown In Figure 1-7 and snowfall
and accumulation are shown in Figure 1-8. While standing crop analyses have
not been performed, either in general or by season, we assume that
productivity of declduous vegetation varles directly with the temperature
cycle and with rainfall. Informal reconnalssance suggests first sprouting
toward the latter part of March In Zone |, flowering In mid to late April,
fruit bearing from mid June through August, depending upon species and year,
seed avallability from late June through September, and leat loss from
November through December. There Is an apparent two to four week retardation
of the vegetation cycle progressively from Zone | through Zone IV, |In dry
years, the more meslic conditions in Zones I(IR and IV protect agalnst late
summer drought, but first frosts, presumably, come earller than in Zone I. In
all, there are four months of very low productivity (mid November to mld
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March) except for hablitats with coniferous trees and non-decliduous sages -
(principally Artemisia spp.). m
, sl
Mid-length Cycles ¢ B
While seasonal cycles, in conjunction with geographic dispersal of I
physical and bioclogical resources, are important factors in hunter-gatherer _f: ;fg
subsistence-sett|ement strategies, cycies with lengths from one o roughly 100 T
years (encompassing Information pathways of one to three overlapping Fg?'ﬁv
generations) should have an Important bearing on the diversification of the s
resource base. Niche width, we suggest, is as much a function of these !
cycles, as it is a tunction of population cycling and carrying capaclity (cf. -
Christenson 1980). Cycles of resource depletion which recur frequently enough NI
within the effective information pathway to be recognized and remembered A
should result In the broadening of the resource base and, depending upon the At
i temporal-spatial distribution of expiolted resources, may result In the under :;j:j?:
utillzation of some resources responsive to scale (i.e., those In which cost RO
decreases with population or man-hours at task). >

In a preliminary search for such middie range cycling, precipitation data N

for 65 years (1915-1980) were obtained from the BIA at Nespelem, Washington.

A plot of the mean annual precipitation is presented in Figure 1-9. A serles . \

| of correlation analyses were run on the annual and monthly data. The most to Ly
l be said from the pattern Is that the probabiilities are very good that a year

of higher than average ralnfall wili be followed immediately by one or two of

l below average raintfall. Since the vegetation In semi-arid reglons is e

" I
extremely responsive to small changes In ralnfall, this suggests considerable ;Cj:ﬁ::
variabifity from year to year in the productivity of floral as well as faunal A
resources. The deviation from monthly mean precipitation is particulariy iy )\1
telling (Figure 1-10). As the two graphs suggest, the greatest deviations -f‘% $}
from average monthly precipitation occur In February, May-June, and November-

December. Precipitation in February is a determining factor in the overall »'5t‘;
avallabillty of annuals and the productivity of perennials, and preciplitation 1E‘”¢i
in May-June affects longevity during summer months. By affecting the degree \ i
of ground cover, precipltation and temperature Indirectly affect the condition "‘iﬂ
of local spawning beds and consequently fish harvests in subsequent years. '(uAY:
Precipitation in November-December, in conjunction with temperature, affects g
browse in Zone |, and thus the mlgration of cervids from Zones IIl and IV to IR ALY
Zone | for winter shelter (this is discussed further below). Given a climatic A
regime similar to the one at present, one would expect either extremely low -E};‘?f
aggregate size and reglonal population density of human communities, or (1) :3*f\:
considerable diversification of the resource base, an¢ (2) seasonally secure AN
resources such as lichen, pine cambium, cattall (Iypha latifolia) and other Ty
forest and swamp products having a disproportionate weight in determining ) ‘
winter settlement locatlions. A :
Moderate cycles of depletion and recovery with lengths of one or two . -:,?
centuries are unlikely to be anticipated and probably result in e N
archaeological ly undetectable shifts In use scheduling rather than In radical S -
systemic alterations. On the other hand, abrupt events occurring this Sy %
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Figure 1-10. Mean monthly preciplitation, 1915-1980 (a) and plot of absolute
standard deviation for the same period (b).
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Infrequently may result In quick population losses and siow recoveries,
accounting for "hiatuses" in certain perlods in local chronologies compared to
the same perlods In other reglions (e.g., Chance and Chance 1977).
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Long-term Cycles

From the standpoint of system change, siow but cumulatively radical
changes in environment over many centuries are important fo document.
Paleoc|imatic and palecenvironmental studies applicable to the Plateau in
general and to the study area In paricular are mainly based upon cave
sediments and polien analyses. It Is generally postulated that There have
been four shifts In climate from molster-cooler to warmer-drier condltions
during the last 12,000 years. The Immedlate post-glaclation conditions were

v

"

‘f- cooler and molster than at present, with a peak around 9000 B.P. (Swanson and
- Muto 1975) and minor fluctuations [n this mode up to about 8000 B.P. A cycle
A of warmer~drler conditions, often referred to as the “Altithermal," was

Dt initiated by a brief cold episode followed by an abrupt warming trend between

8000 and 7000 B.P. (Rice 1972), which peaked between 7150 and 5800 B.P.
(Swanson and Muto 1975). This was followed, In furn, by cooler and molster
o conditions between roughly 4500 and 3000 B.P., although the data from

“f\ different locallties suggest different scheduling of episodes. Rice (1972)
- and Swanson and Muto (1975) suggest two coolling periods In the last 5,000
years, separated by a brlef warming trend somewhere around 3000+ B.P., while
Dalan (see Goose Lake report, thls volume) characterizes the entire period Al
from 4000 B.P. to present as cooler and molster (Flgure 1-11). ‘-s

More important than reglonal fluctuatlions In climate is the effect of ;:i:*
general climatic shifts on the vegetational structure of the speclflic study f:{;]
area. Pollen cores from )Jakes In the study reglon were analyzed to i
investigate these shifts. The preliminary results from the Goose Lake core :{i{;

have Important Implicatlons (Dalan, this volume). Correlation of the Goose
Lake core with others In the Plateau reglon suggests climatic trends roughly

¥

comparable to those of other areas (see Figure 3-4). While the pollen dlagram r:i‘J
suggests a signlficant retreat of the pine forest during the Altithermal, 14), }{}ﬁ
the profiles of other arboreai and nonarboreal specles suggest no significant f:g:.
qualitative change Iin the micro-habltat types since the end of the post- S

glaclal pine-spruce parkiand regime after approximately 10,000 B.P.

These preliminary results suggest that the main effect of the Altithermal
In the study area was the expansion and contraction of vegetation communities.
The Pinus forest in Zone ||IR was replaced with grass or shrubb-steppe regime.
The broadleat tree over shrub and macrophyllous vine and shrub habitats,

A'.I.‘-
S o4

assoclated wlth draws, canyons, and talus slopes (characterized by Alnus, Anji;
Betula, Populus, Island stands of Pinus and Pseudotsuga over Artemisia, ﬁ
Sarcobatus, and Rosaceae wlth forbes such as Umbelliferae and Eriogonum) R
contlnued much as at present, although the coverage and productivity of these )
habitat types should have been somewhat reduced In Zones | and |1, T

While a number of factors must be consldered In the Interpretation of 0
pollen cores (Butzer 1971:247), the general results are not inconsistent with ﬂi:;
the results of solls analysis from 19 sites In Zone | (Crozler 1980 and l!!E
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Southeastern Northern
Years Plateau Great Basin Northern
B.P. (Rice 1972 (Swanson and Plateau
Fig. 3) Muto 1975) (Dalan 1979)
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